The study was undertaken to examine the response of ammonia oxidizing bacteria to 13 different heavy metal salt in an elevated concentration. Surface soil samples at depth of 0-15 14 cm were collected at random from Akwa Ibom State University in Akwa Ibom State, soil 15 sample from University of Nigeria, Nsukka and from solid waste disposal site in Uyo, Akwa 16 Ibom State. The response of heavy metal salt on Ammonia Oxidizing bacteria(AOB) isolated 17 from soil samples were investigated by supplementing different heavy metal salts namely, 18 copper(Cu),nickel (Ni), lead (Pb) and cadmium (Cd) at four loading rates(100,200,500,1000 19 µg/ml) in mineral salt broth with Ammonia Oxidizing Bacteria (AOB) isolate. The cultures 20
INTRODUCTION
Environmental pollution has been on the rise in the past few decades owing to increased 35 human activities on energy reservoirs, unsafe agricultural practices and rapid industrialization Physiological Characterization of the isolate Nitrite determination by Griess Method (Bhaskar and Charyulu, 2005) . 187 Griess Ilosvay reagent will be prepared as follows: 188 Solution A: 0.6 g of sulphanilic acid was dissolved in 70 ml of hot distilled water, cooled, and 20 189 ml of concentrated HC1 was added and volume was made up to 100 ml with distilled water. 190 Solution B: 0.6 g of a-naphthylamine was dissolved in 10 ml of distilled water containing 1 191 ml of concentrated HC1 and the volume was made up to 100ml with distilled water. 195 Ammonium oxidation test for determination of nitrite 196 Five millilitres of Winogradsky mineral basal medium was prepared. The tubes was sterilized 197 by autoclaving at 121 0 C at 15 psi for 15 minutes and allowed to cool. One loopful of each 198 ammonium oxidizing bacteria isolate was added into each tube and incubated aerobically for 5 199 days at room temperature. At the end of the incubation period, the presence of nitrite was tested 200 using Griess Ilosvay reagent. The reagent was added and observed for the development of 201 purplish red/pink colouration within 5 minutes (Joel and Amajuoyi, 2010; Hoang et al., 2016) .
202
Inoculum preparation and standardization 203 Inocula were prepared by inoculating isolates onto prepared nutrient agar plates and 204 incubating at 30˚C for 24 h. After incubation, colonies were suspended in test tubes containing 205 sterile normal saline solution. The tubes were vortex for 2 min, and then transferred into a sterile 206 test tube. The cells suspension was adjusted to a 0.5 McFarland standard (Optical density of 0.5 -207 1.0 at 600nm) using sterile normal saline to give a concentration of 10 8 cfu/ml, to get the final 208 inocula.
209
Tolerance study (LSD) was also being performed between each treatment and the control. Correlation 236 (association) and regression (changes) analysis was done using statistical product and 237 service solution (SPSS) for windows version 20. Figure 2 shows the tolerance of the A2 isolates for different concentrations of Cu. The growth of 275 A2 range from 0.057 ± .000141 to 0.086±.00283 within 72 hours, increase to 0.1115±0.00276 276 within 120hrs and decrease to 0.078 ± 0.00424 after 168 hours at 0 concentration. A2 growth 277 range from 0.0535 ± .0078 to 0.0525±.00212 within 72 hours, increase to 0.0865±0.00354
278 within 120hrs and decrease to 0.058 ± 0.018 after 168 hours at 100ug/ml concentration. 0.032 ±
279
.00141 to 0.0275±.00212 within 72 hours; decrease to 0.026±0.0028 within 120hrs and 280 decrease to 0.095 ± 0.00212 after 168 hours at 100ug/ml concentration.
281 Figure 3 shows the tolerance of the A3 isolates for different concentrations of Cu. The growth of 282 A3 range from 0.0685 ± .0001 to 0.0755±.0.001 within 72 hours, increase to 0.0865±0.001 283 within 120hrs and decrease to 0.083 ± 0.008 after 168 hours at 0 concentration. A3 growth range 284 from 0.0645 ± .004 to 0.0725±.001 within 72 hours; increase to 0.0745±0.001 within 120hrs and 285 decrease to 0.0535 ± 0.006 after 168 hours at 100ug/ml concentration. A3 growth range from 286 0.0295 ± .001 to 0.0215±.001 within 72 hours, increase to 0.0215 ±0.003 within 120hrs and 287 decrease to 0.015 ± 0.003 after 168 hours at 1000ug/ml concentration.
288 Figure 4 shows the tolerance of the A4 isolates for different concentrations of Cu. The growth of 289 A4 range from 0.0655 ± .002 to 0.0835 ±.002 within 72 hours, increase to 0.095 ±0.001 within 290 120hrs and decrease to 0.072 ± 0.013 after 168 hours at 0 concentration. . A4 growth range from 291 0.0635 ± .002 to 0.064 ±.004 within 72 hours; increase to 0.081±0.001 within 120hrs and 292 decrease to 0.0445 ± 0.001 after 168 hours at 100ug/ml concentration. A4 growth range from 293 0.032 ± .00 to 0.023 ±.000 within 72 hours, increase to 0.023 ±0.004 within 120hrs and 294 decrease to 0.016 ± 0.001 after 168 hours at 1000ug/ml concentration. Figure 5 shows the tolerance of the A5 isolates for different concentrations of Cu. The growth of 296 A5 range from 0.062 ± .000141 to 0.0795 ±.001 within 72 hours, increase to 0.084 ± 0.001 297 within 120hrs and decrease to 0.0645 ± 0.008 after 168 hours at 0 concentration. A5 growth range 298 from 0.0585 ± .005 to 0.068±.007 within 72 hours, increase to 0.0795 ± 0.007 within 120hrs 299 and decrease to 0.0545 ± 0.008 after 168 hours at 100ug/ml concentration. A5 growth range from 300 0.03 ± .008 to 0.026 ±.000 within 72 hours; increase to 0.026±0.0028 within 120hrs and 301 decrease to 0.018 ± 0.003 after 168 hours at 1000ug/ml concentration. Figure 10 shows the tolerance of the A1 isolates for different concentrations of Ni. The growth of 325 A1 range from 0.0535 ± .00071 to 0.0725±.00071 within 72 hours, increase to 0.0935±0.0072 326 within 120hrs and decrease to 0.0715 ± 0.00212 after 168 hours at 0 concentration. A1 growth 327 range from 0.0495 ± .0001 to 0.06±.0.00 within 72 hours, decrease to 0.057 ±0.008 within 328 120hrs and decrease to 0.0405 ± 0.002 after 168 hours at 100ug/ml concentration. 0.0355 ± .006 329 to 0.026±.0.00 within 72 hours; decrease to 0.0125 ±0.002 within 120hrs and decrease to 0.0085 330 ± 0.001 after 168 hours at 1000ug/ml concentration. 331 Figure 11 shows the tolerance of the A2 isolates for different concentrations of Ni. The growth of 332 A2 range from 0.057 ± .000141 to 0.086±.00283 within 72 hours, increase to 0.1115±0.00276 within 120hrs and decrease to 0.078 ± 0.00424 after 168 hours at 0 concentration. A2 growth 334 range from 0.058 ± .0004 to 0.0715 ±.0.01 within 72 hours, increase to 0.077 ± 0.014 within 335 120hrs and decrease to 0.078 ± 0.004 after 168 hours at 100ug/ml concentration. A2 growth 336 range from 0.028 ± 0.004 to 0.031± 0.004 within 72 hours; decrease to 0.0245 ± 0.018 within 337 120hrs; 0.0245 ± 0.006 after 168 hours at 1000ug/ml concentration.
338 Figure 12 shows the tolerance of the A3 isolates for different concentrations of Ni. The growth of 339 A3 range from 0.0685 ± .0001 to 0.0755±.0.001 within 72 hours, increase to 0.0865±0.001 340 within 120hrs and decrease to 0.083 ± 0.008 after 168 hours at 0 concentration. A3 growth range 341 from 0.0545 ± .005 to 0.0685 ±.002 within 72 hours; Increase to 0.0725 ± 0.001 within 120hrs 342 and increase to 0.083 ± 0.008 after 168 hours at 100ug/ml concentration. A3 growth range from 343 0.0345 ± .0026 to 0.026 ± 0.00 within 72 hours, decrease to 0.02 ±0.013 within 120hrs and 344 decrease to 0.0175 ± 0.004 after 168 hours at 1000ug/ml concentration. 345 Figure 13 shows the tolerance of the A4 isolates for different concentrations of Ni. The growth of 346 A4 range from 0.0655 ± .002 to 0.0835 ±.002 within 72 hours, increase to 0.095 ±0.001 within 347 120hrs and decrease to 0.072 ± 0.013 after 168 hours at 0 concentration. . A4 growth range from 348 0.057 ± 0.003 to 0.071 ± 0.01 within 72 hours; increase to 0.064 ± 0.004 within 120hrs and 349 increase to 0.072 ± 0.011 after 168 hours at 100ug/ml concentration. A4 growth range from 350 0.0305 ± 0.001 to 0.023 ± 0.007 within 72 hours, decrease to 0.0195 ±0.006 within 120hrs and 351 decrease to 0.014 ± 0.004 after 168 hours at 1000ug/ml concentration.
352 Figure 14 shows the tolerance of the A5 isolates for different concentrations of Ni. The growth of 353 A5 range from 0.062 ± .000141 to 0.0795 ±.001 within 72 hours, increase to 0.084 ± 0.001 354 within 120hrs and decrease to 0.0645 ± 0.008 after 168 hours at 0 concentration. A5 growth range 355 from 0.0595 ± 0.005 to 0.07 ± 0.001 within 72 hours, decrease to 0.068 ± 0.007 within 120hrs 356 and decrease to 0.0645 ± 0.007 after 168 hours at 100ug/ml concentration. A5 growth range from decrease to 0.0235 ± 0.001 after 168 hours at 1000ug/ml concentration. Tolerance of isolates to the lead 393 The results represented in Figures 19, 20 21, 22 and 23 shows the level of tolerance at the different 394 lead concentrations by the ammonia oxidizing bacteria isolates.
395 Figure 19 shows the tolerance of the A1 isolates for different concentrations of Pb . The growth of 396 A1 range from 0.0535 ± .00071 to 0.0725±.00071 within 72 hours, increase to 0.0935±0.0072 397 within 120hrs and decrease to 0.0715 ± 0.00212 after 168 hours at 0 concentration. A1 growth 398 range from 0.083 ± 0.007 to 0.072 ±.0.001 within 72 hours, increase to 0.0785 ±0.001 within 399 120hrs and decrease to 0.0605 ± 0.001 after 168 hours at 100ug/ml concentration. A1 growth range 400 from 0.034 ± .001 to 0.0495±.0.001 within 72 hours; increase to 0.052 ±0.001 within 120hrs and 401 decrease to 0.0042 ± 0.003 after 168 hours at 1000ug/ml concentration. 402 Figure 20 shows the tolerance of the A2 isolates for different concentrations of Pb. The growth of A2 403 range from 0.057 ± .000141 to 0.086±.00283 within 72 hours, increase to 0.1115±0.00276 within 404 120hrs and decrease to 0.078 ± 0.00424 after 168 hours at 0 concentration. A2 growth range from 405 0.0855 ± 0.001 to 0.0985 ±.0.001 within 72 hours, decrease to 0.0715 ± 0.001 within 120hrs and 406 decrease to 0.089 ± 0.00 after 168 hours at 100ug/ml concentration. A2 growth range from 0.034 ± 407 0.008 to 0.06± 0.004 within 72 hours; increase to 0.0635 ± 0.005 within 120hrs; 0.053 ± 0.008 408 after 168 hours at 1000ug/ml concentration. 409 Figure 21 shows the tolerance of the A3 isolates for different concentrations of Pb. The growth of 410 A3 range from 0.0685 ± .0001 to 0.0755±.0.001 within 72 hours, increase to 0.0865±0.001 within 411 120hrs and decrease to 0.083 ± 0.008 after 168 hours at 0 concentration. A3 growth range from 412 0.089 ± 0.00 to 0.0855 ± 0.006 within 72 hours; Increase to 0.0925 ± 0.009 within 120hrs and 413 decrease to 0.0685 ± 0.002 after 168 hours at 100ug/ml concentration. A3 growth range from 0.0305 ± 0.002 to 0.0515 ± 0.01 within 72 hours, decrease to 0.0585 ± 0.016 within 120hrs and 415 decrease to 0.042 ± 0.018 after 168 hours at 1000ug/ml concentration. 416 Figure 22 shows the tolerance of the A4 isolates for different concentrations of Pb. The growth of 417 A4 range from 0.0655 ± .002 to 0.0835 ±.002 within 72 hours, increase to 0.095 ±0.001 within 418 120hrs and decrease to 0.072 ± 0.013 after 168 hours at 0 concentration. . A4 growth range from 419 0.0755 ± 0.006 to 0.083 ± 0.003 within 72 hours; increase to 0.087 ± 0.004 within 120hrs and 420 decrease to 0.071 ± 0.01 after 168 hours at 100ug/ml concentration. A4 growth range from 0.0275 421 ± 0.019 to 0.0545 ± 0.008 within 72 hours, increase to 0.063 ± 0.001 within 120hrs and decrease to 422 0.049 ± 0.001 after 168 hours at 1000ug/ml concentration. 423 424 Figure 23 shows the tolerance of the A5 isolates for different concentrations of Pb. The growth of A5 425 range from 0.062 ± .000141 to 0.0795 ±.001 within 72 hours, increase to 0.084 ± 0.001 within 426 120hrs and decrease to 0.0645 ± 0.008 after 168 hours at 0 concentration. A5 growth range from 427 0.081 ± 0.001 to 0.0835 ± 0.004 within 72 hours, increase to 0.093 ± 0.004 within 120hrs and 428 decrease to 0.07 ± 0.001 after 168 hours at 100ug/ml concentration. A5 growth range from 0.036 ± 429 0.008 to 0.063 ± 0.002 within 72 hours; decrease to 0.067 ±0.001 within 120hrs and decrease to 430 0.0525 ± 0.005 after 168 hours at 1000ug/ml concentration. Tolerance of isolates to the cadmium 464 The results represented in Figures 28, 29. 30, 31 and 32 shows the level of tolerance for the different 465 metal salt concentrations by the ammonia oxidizing bacteria isolates. Figure 28 shows the tolerance 466 of the A1 isolates for different concentrations of Cd. The growth of A1 range from 0.0755 ± 0.006 to 467 0.0855± 0.001 within 72 hours, increase to 0.0885 ± 0.001 within 120hrs and decrease to 0.0805 ± 0.001 after 168 hours at 0 concentration. A1 growth range from 0.075 ± 0.0099 to 0.088 ± 0.008 469 within 72 hours, increase to 0.0849 ± 0.001 within 120hrs and decrease to 0.0635 ± 0.002 after 168 470 hours at 100ug/ml concentration. 0.0645 ± 0.006 to 0.0595 ± 0.006 within 72 hours; decrease to 471 0.052±0.014 within 120hrs and decrease to 0.025 ± 0.007 after 168 hours at 1000ug/ml 472 concentration.
473 Figure 29 shows the tolerance of the A2 isolates for different concentrations of Cd. The growth of 474 A2 range from 0.075 ± 0.008 to 0.084 ± 0.001 within 72 hours, increase to 0.0855 ± 0.001 within 475 120hrs and increase to 0.0915 ± 0.001 after 168 hours at 0 concentration. At 100ug/ml concentration 476 A2 growth range from 0.072 ± .015 to 0.087 ± 0.008 within 72 hours, increase to 0.0955 ± 0.001 477 within 120hrs and decrease to 0.0765 ± 0.001 after 168 hours at 100ug/ml concentration. 0.067 ±
478
.0006 to 0.0625 ± 0.002 within 72 hours; decrease to 0.0575 ± 0.001 within 120hrs and reduce to 479 0.0265 ± 0.002 after 168 hours 480 Figure 30 shows the tolerance of the A3 isolates for different concentrations of Cd. The growth of 481 A3 range from 0.074 ± 0.014 to 0.0945 ±.0.002 within 72 hours, increase to 0.106 ± 0.003 within 482 120hrs and increase to 0.117 ± 0.015 after 168 hours at 0 concentration. A3 growth range from 0.07 483 ± 0.014 to 0.1175 ± 0.03 within 72 hours; decrease to 0.0785 ± 0.01 within 120hrs and decrease to 484 0.0655 ± 0.001 after 168 hours at 100ug/ml concentration. A3 growth range from 0.062 ± .0014 to 485 0.0685 ± 0.001 within 72 hours, decrease to 0.0385 ±0.001 within 120hrs and reduce to 0.0275 ± 486 0.001 after 168 hours at 1000ug/ml concentration. 487 Figure 31 shows the tolerance of the A4 isolates for different concentrations of Cd. The growth of 488 A4 range from 0.0795 ± 0.005 to 0.0825 ± 0.002 within 72 hours, increase to 0.095 ±0.00 within 489 120hrs and increase to 0.103 ± 0.013 after 168 hours at 0 concentration. A4 growth range from 490 0.0725 ± 0.004 to 0.103 ± 0.011 within 72 hours; decrease to 0.077 ± 0.008 within 120hrs and 491 decrease to 0.0725 ± 0.001 after 168 hours at 100ug/ml concentration. A4 growth range from 0.064 0.037 ± 0.002 after 168 hours at 1000ug/ml concentration. 494 Figure 32 shows the tolerance of the A5 isolates for different concentrations of Cd. The growth of 495 A5 range from 0.0875 ± 0.002 to 0.1345 ± 0.002 within 72 hours, increase to 0.145 ± 0.001 within 496 120hrs and increase to 0.22 ± 0.02 after 168 hours at 0 concentration. A5 growth range from 0.0795 497 ± 0.001 to 0.161 ± 0.004 within 72 hours, decrease to 0.0833 ± 0.001 within 120hrs and increase to 498 0.0845 ± 0.006 after 168 hours at 100ug/ml concentration. A5 growth range from 0.067 ± 0.005 to 499 0.096 ± 0.02 within 72 hours; decrease to 0.061 ± 0.001 within 120hrs and decrease to 0.053 ± 500 0.00 after 168 hours at 1000ug/ml concentration.
501
.
502
The results represented in Figures 33, 34, 35 The cultures were incubated for 7 days and measured for optical density (at wavelength = 600 541 nm) in UV spectrophotometer. All bacteria showed high tendency to decrease optical density 542 while increasing metal concentration in the medium when compare to control.
543
The growth of the Ammonia oxidizing organism increased successively throughout the period of 544 five days and decrease at 7 days exposure time at 0(Control), 100 mg/L, 200 mg/L, 500 mg/L and 545 1000 mg/L concentration of metal salt. The highest growth was observed, for all the isolates, in 546 the medium with no metal ion amendment, which served as the control, followed by 100 mg/L, Klassen et al. 2000) . These mechanisms stem from prior exposure of microorganisms to metals 575 which enable them to develop the resistance and tolerance useful for biological treatment (Viti et 576 al., 2003; Sharma, 2016; Singh et al., 2016a, b, c) 577 578 Nitrifying bacteria could be reduced by heavy metals and therefore considered as sensitive 579 microbial process with regards to heavy metal stress (Smolders et al., 2001) . Lee et al., 2011; Liu 580 et al., 2010; Mertens et al., 2009; Vasileiadis et al., 2012 have particularly emphasized the 581 response of ammonia oxidizing bacteria to heavy metals such as Zn, Cu and Hg. Frey et al., 2008; 582 Lee et al., 2011; Vasileiadis et al., 2012 have reported a sensitive response of the AOB 583 community to heavy metals . Heavy metals can affect diversity of certain microbial communities 584 and related soil processes (Haferburg and Kothe ,2007; Li et al. 2009a, b) . Li et al. (2009a, b) 585 reported that an increase in available Cu (0~2400 mg kg -1 ) was paralleled by a concomitant 586 decrease in AOB amoA copy numbers. Heavy metals used in greater amounts, result in metabolic 587 disorders, suppress the growth of most plants and microorganisms (Ashraf and Ali, 2007, Zimmer 588 et al., 2016) .
590
Markedly different responses of AOB communities to metal pollution stress have been observed 591 Both metal-sensitive and metal-tolerant AOB populations have been observed in agricultural soils 592 amended with metals (Stephen et al. 1999) . Ferry reported that soil metal contamination did not 593 decrease the abundance of AOB (Frey et al. 2008) , while the research of Stefanowicz et al. (2008) insights into the ecophysiology of comammox Nitrospira. Applied micobiology and Pandit,R., Patel,B., Kunjadia, P., Nagee, A.(2013) .Isolation, characterization and 745 molecular identification of heavy metal resistant bacteria from industrial effluents. 
